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Zooplankton play an integral role in the function of aquatic food webs and may serve as 
indicators of productivity, biodiversity and ecosystem health. The objective of this study was to 
determine if zooplankton quality (based on total lipid content) and community structure are 
associated with physical and chemical variables that can be used as indicators of environmental 
quality among small lakes in eastern New York State.   A diversity of small lakes in eastern New 
York State (n=25) were sampled for zooplankton with vertical tows (153um mesh nylon) and 50 
individuals were identified, enumerated and total lipid was determined for each lake.  Lake 
physical variables were also collected including: dissolved oxygen, pH, conductivity, shoreline 
development, secchi depth, nutrients (i.e. total dissolved phosphorous, silica), residential density, 
and percent forest cover.  Highly correlated environmental variables were identified using a 
Pearson correlation matrix.  Significant correlations (p<0.0001) included, depth and temperature, 
percent forest cover and conductivity, and residential density and conductivity.  Canonical 
Correspondence Analysis (CCA) showed that particular zooplankton species exhibited 
associations to percent forest cover, residential density, and overall size of body of water (Monte 
Carlo Test, 998 permutations; p= 0.02). Specific lakes were identified with associations based on 
their zooplankton community composition suggesting linkages to the environmental variables.  
Lake associations with environmental variables were then related to zooplankton quality (total 
lipid) with no observable trends. Based on associations of zooplankton with percent forest cover, 
lake managers should consider buffer zones and limiting anthropogenic inputs directly adjacent 
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 Zooplankton play an integral role in the function of aquatic food webs and may serve as 
indicators of productivity, biodiversity and ecosystem health (Attayde & Bozelli 1998). It has 
been shown that zooplankton can be used to determine the planktivore to piscivore ratio within a 
water body (Mills et al. 1987). They have also been used as indicators of acidic or saline 
conditions (Derry et al. 2003) and for elucidating area of anthropogenic impact (Dodson et al. 
2005). Through increased human development there is an expected nutrient influx which has 
been shown to elicit changes in zooplankton community responses (Dodson et al. 2005). 
Additionally, zooplankton lipid content can serve as an indicator of algal food source quality 
(Art et al. 1992). The quality of this food has been the subject of studies with the goal of using 
lipid to determine zooplankton condition (Gulati & Demott 1997).  
Habitat variables such as lake stratification establish a density difference that inhibits 
some zooplankton species from vertical movements (Klumb et al. 2004). Lakes that do not 
stratify with an epilimnion and hypolimnion would be expected to have differing communities 
than those that do. For this reason it is an important variable to note in the analysis.   
The objective of this study was to determine if zooplankton quality (based on total lipid 
content) and community structure are associated with physical and chemical variables that can be 
used as indicators of environmental quality among small lakes in eastern New York State.  
 The analysis of the zooplankton community structure and the relationship to local 
environmental variables will serve as an important baseline for residents in the study region. 
Other parameters such as chemical, nutrients, and morphological features serve as potential 
candidate variables for lake monitoring by resource managers and residents. Most of the lakes on 
this region have not been adequately sampled. The identification of important variables that 
structure zooplankton communities as proposed in this research will aid in a better understanding 




Materials & Methods 
Zooplankton Collecting and Processing 
A total of 25 small lakes of a variety of types acceptable for the study based on size and 
access were sampled in the Rensselaer county region (Figure 1). Lakes were sampled late 
morning to mid-day between mid-June and mid-July. Sampling was completed in non-rainy and 
relatively calm conditions. Zooplankton were collected using a conical nylon 153um mesh net. 
Within each lake three vertical hauls were completed in the deepest region, composited and then 
split-half for identification and enumeration and half for total lipid analysis.  For identification, 
the zooplankton were immediately narcotized with Alka-Seltzer and then preserved with 70% 
EtOH. For total lipid analysis zooplankton were sieved through 100um micron mesh and frozen.  
In the lab, 50 preserved zooplankton per lake were identified to lowest taxonomic level 
possible through the use of a compound microscope using University of New Hampshire online 
key (Haney et al 2013). Cyclopoid copepods and cladocerans were identified to the species level, 
calanoid copepods were taken no further than calanoid, and rotifers were not included in this 
study. The first 50 organisms found in a 1 mL homogenized subsample in a depression slide 
were chosen for identification (additional 1mL aliquots were used if 50 organisms were not 
reached in the first). For lipid analysis, frozen zooplankton were desiccated under a stream of 
liquid nitrogen. They were then analyzed using a modified Folch method for total lipid 
percentage. This involved using a DCM and methanol solvent to extract lipids which were 
centrifuged. The solvent was then extracted and placed in a corresponding vial to each sample. 
This procedure was repeated 3 times at which point the solvent was evaporated with compressed 
nitrogen gas and the remaining lipid in the vial measured (Folch et al. 1957).   
Comparison of Zooplankton Assemblages 
Zooplankton assemblage at each lake was compared on the basis of species richness, 




in each subsample that were represented by the three most abundant species within each lake 
(Dom3). Evenness was quantified using the Simpson’s index and the Shannon-Weiner index was 
used to determine diversity. In Simpson’s, D is Simpson’s measure of concentration and Pi is the 
proportion of the total sample represented by the ith species. Both indices were calculated using 
the PAST program (Paleontological Statistics, 2001, version 2.1). Finally the percent of each 
community represented by the class Cladocera versus the class Copepoda was calculated.  
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Environmental Variables 
Using a YSI multi-probe, the vertical profile of each lake at 1 meter intervals was 
obtained in the deepest region of each lake. Environmental variables collected included; 
conductivity (S/cm), pH, temperature (C), Dissolved oxygen (D.O., mg/L), D.O. percent 
saturation, and depth. For each lake and variable the average of all 1 meter measurements were 
computed as an overall mean (e.g. all measurements of pH in the water column were averaged 
together). A Secchi depth (0.1m) was obtained within each lake at this point as well. 
Additionally, a 500mL sample bottle was filled with water at 1 m depth in the center of the lake 
and then frozen for total phosphorous and total silica analysis.  Total phosphorous and total silica 
concentration for all lakes was analyzed using a spectrometer and a standard curve (Strickland & 
Parsons 1972). Various physical parameters for each lake were also collected to aid in the 
grouping of lakes. Using images collected from Google earth with an overlaid 1 km marker the 
following variable were determined in ImageJ (Image J; 1.46r); shoreline development (how 
convoluted or circular the lake is), size (acres), residential density (roofs within 100 meters of 





All environmental variables collected (n=13; total phosphorous, total silica, maximum 
depth, size, residential density, shoreline development, Secchi depth, temperature, conductivity, 
pH, D.O., percent forest cover, stratification) were imported into SAS (Statistical Analysis 
Software, version 9.4) where a Pearson correlation matrix was used to determine if any of the 
variables were significantly correlated to one another (Steiger 1980). This was necessary for 
further analysis of the communities to eliminate potentially redundant data. 
Relationship of Zooplankton to Environmental Variables    
 A Canonical Correspondence Analysis (CCA) was performed using the abundance data 
from each lake’s 50 organismal subsample and the 13 environmental variables. This served to 
identify possible associations between zooplankton species and the sampled variables (Ter Braak 
& Verdonschot 1995). Length of vectors in the ordination indicates the strength of the variable. 
How closely the vector parallels the axis indicates how well the axis represents the vectors (Ter 
Braak & Verdonschot 1995). For analysis, percent forest cover was assigned a 1, 2, or 3 
depending on which of the afore mentioned categories the lake fell into, lake stratification was 
indicated with either a 1 for stratified or a 0 for not stratified. In addition to the CCA, a Monte 
Carlo randomization test was run with 998 iterations to test the significance of the species 
environment correlation and the significance of eigenvalues associated with the primary axis 
(α=0.10). The CCA (row and column scores standardized by centering and normalizing, scaling 
of ordination scores = optimize columns: Response, scores for graphing = SmplUnit scores are 
linear combinations of Response) and randomization test were conducted in PC-ORD 6.0 
(Kapuscinski & Farrell 2013; methods). In addition to an ordination of the zooplankton and 
environmental variables, an ordination of the lakes was also produced. This second ordination 
included lipid content in the lake code to view how various lipid percentages associated by each 






Comparison of Zooplankton Assemblage  
 In total, 24 zooplankton species were found across all the lakes. The presence or absence 
and the abundance of each species varied from lake to lake (Table 1). Microcylops rubellus was 
by far the dominant species sampled and was present in 23 of the lakes and composed 
approximately a quarter of all the individuals counted (Table 1). In Mill pond, for example, M. 
rubellus was highly prevalent and represented 98% of the subsample. This high prevalence 
reduced Mill pond’s diversity, evenness and richness estimates relative to other lakes (Table 2).  
In contrast to Mill pond, Glass Lake represented the most diverse lake in terms of Shannon 
diversity, species richness, and it also exhibited high evenness. Glass Lake had a high proportion 
of large cladocerans such as species from the genus Daphnia and a relatively lower proportion of 
copepods (Table 2).  
 Seven species appear to be endemic based on their presence in only one of the lakes 
throughout the region. Each endemic species and the lake it was found in are; Alona spp. 
(Hampton Manor Lake), Leydigia spp. (Forest Lake), family Macrothricidae (Forest Lake), 
Diaphanosoma brachyurum (No Name One), Eubosmina spp. (Dyken Pond), Daphnia parvula 
(Dead Lake), and suborder Harpacticoeda copepod (Hedges Lake) (Table 3). 
Environmental Variables 
 The Pearson’s correlation matrix indicated strong correlations between; depth and 
temperature, percent forest cover and conductivity, and residential density and conductivity 
(Pearson correlation matrix, n=25, p<0.0001). Other select variables that were strongly 
correlated were; pH and secchi depth, size and shoreline development and pH and % forest cover 
(Pearson correlation matrix, n=25, p <0.002) (Table 4).   
 The CCA showed the four variables with the greatest zooplankton sorting power were 




stratified (Figure 2). Residential density and stratification vectors opposed one another along the 
primary axis (horizontal). Mean temperature and forest cover vectors opposed one another along 
the secondary axis (vertical) (Figure 2). A Monte Carlo randomization test for the eigenvalues of 
the vectors showed significant correlation between the vectors and axis arrangement (998 
permutations, p<0.092) (Table 5).  
Relationship of Zooplankton to Environmental Variables  
 The first ordination of the CCA places the zooplankton along the two axis based on 
associations with the 13 environmental variables. The proximity of the species labels indicates 
their environmental association similarities (Figure 2.) Various species group out together. The 
deep mesotrophic, intermediate forest cover and intermediate residential development species are 
represented by; Daphnia mendotae, Daphnia pulex, and Diacyclops thomasi. The forested, low 
density, cooler environmental associated species are represented by; Daphnia ambigua, 
Holopedium gibberum, and Eubosmina spp. The highly dense, warmer, low forested 
environmental associated species are; Alona spp, Daphnia parvula, both Ceriodaphnia spp., and 
both Diaphanosoma spp. (Figure 2).  A Monte Carlo randomization test outputted a significant 
correlation between the zooplankton species grouping and the environmental variables (<0.023) 
(Table 5). Microcylcops rubellus as mentioned earlier was found in the majority of the lakes. On 
the CCA ordination this specie’s label is located towards the middle of the vectors. This 
demonstrates a lack of preference towards the environmental variables.  
Lake grouping based on Zooplankton Community 
 The second CCA ordination (Figure 3) places the lakes sampled between the axis in 
locations determined by their zooplankton communities. The closer the lakes are to each other 
the more similar the communities are to one another. Environmental variables are still included 
for convenience in viewing how the lakes are indirectly being grouped by the variables, directly 




 Lake labels in the ordination include total percent lipid content. The lipid content is 
viewed to determine if any patterns are seen between variables or zooplankton communities and 




























 Zooplankton species are shown to be highly reflective of the grazing pressures on them 
and the environment within which they are found (Vanni 1987, Dodson et al. 2005). In this study 
we see the larger species such as genus Daphnia (specifically Daphnia pulex), and larger 
copepods such as Diacyclops thomasi are predominantly found in the larger deeper bodied 
mesotrophic lakes.  This gives these larger pelagic species refugia from young of year fish 
predation. No lakes in the study contain populations of super filter-feeder fish such as alewives 
otherwise it would be expected that the larger cladocerans would be in lesser abundance or not 
present (Mills & Schiavone 1982). The Daphnia spp. are seen in the deep mesotrophic lakes and 
not the more forested lower nutrient lakes most likely due to lower productivity of the water 
body. The lower nutrient and thus in turn lower phytoplankton production make it more difficult 
as a filter feeding zooplankton. Thus we can use the daphnids as relative indicators between our 
deep mesotrophic and partially oligotrophic lakes in this study.  
 The genus Alona has been affiliated with more anthropogenic impacted eutrophied bodies 
of water as is the case within our study (Van Egeren et al. 2011). Alona spp. was found in 
Hampton Manor Lake which is essentially a catchment pond for a residential area. The small 
lake sits in a valley and all the runoff from the region is directed into it. It is also a central 
gathering point for summer Canada goose (Branta Canadensis) populations which input a large 
amount of nutrients through fecal matter. These two factors may be the cause of large algal 
blooms in addition to dense beds of invasive Eurasian milfoil (Myriophyllum spicatum). The 
other smaller, eutrophic lakes including Dead Lake and No Name One both exhibited similar 
zooplankton communities to Hampton Lake. All three lakes were predominately composed of 
communities typified by small sized zooplankton likely due to the lack of deep pelagic refugia 




 The two species Holopedium gibberum and Daphnia ambigua both were associated with 
highly forested lakes with low sources of anthropogenic impact. More specifically they both 
appear to prefer the more dystrophic (low nutrients, stained), tannic lakes such as Dyken Pond, 
Cranberry Pond, Dunham Reservoir and Hicks Pond. Daphnia ambigua is the smallest of the 
daphnids and has been noted to prefer the lower, cooler levels of the thermocline (Haney et al 
2013). Holopedium gibberum is known to rely on allochthonous carbon sources such as 
terrestrial plant matter from tree leaves (Matthews & Mazumder 2006) and it was expected that 
Holopedium would dominate forested lakes in this study region.  
 Microcyclops rubellus was ubiquitous and found in nearly every lake. This species 
appears to be a generalist, capable of existing in all studied lake groups. Unfortunately, lack of 
available literature on this species makes understanding its life history difficult. However, it also 
could show that this study is valuable in establishing evidence of the generalist nature of the 
species. The other generalist species found in this study was Mesocyclops edax, which is another 
cyclopoid copepod species.   
Collectively, the species found in this study are all typical of the environments with 
which they were found (Dodson et al. 2005). Notably, there were no invasive zooplankton 
species discovered in any of the lakes. Most of the smaller lakes included in the study are 
isolated, privately owned and lack public access. The larger lakes are also further away from 
potential sources of invasive species such as the Hudson River or St. Lawrence Seaway. This 
small private ownership and distance from sources has likely helped to maintain the natural 
species composition.  
Relationship of Zooplankton to Environmental Variables 
 As observed by the first CCA ordination (Figure 2), the zooplankton species significantly 
related to the environmental variables. The Monte Carlo test showed that the 998 random runs 




the ecological differences between the species mentioned earlier. The species do in fact differ in 
abundance and presence depending on the conditions of the water body they are in.  
 Percent forest cover maintains cooler temperatures in the lake through shading, carbon 
input via leaf litter, and serves as a buffer to absorb excess nutrients into the lake (Teels et al. 
2006). Thus it is not particularly surprising that it was a significant variable in this study. 
Residential density was inversely correlated to percent forest cover which is also not surprising 
as typically the more residents around the lake the more trees that are cut down. But in addition 
to this, conductivity was positively correlated to residential density. It could be assumed that the 
increased building of structures around the lake contribute to runoff during rain events and thus 
heighten the conductivity (charged ions from erosion, households, salts) from anthropogenic 
sources.  
 The other significant variable in the study, stratification, is mostly correlated with lake 
depths. The formation of the cooler, lower, hypolimnion and warmer upper, epilimnion is 
impacted by circulation associated with wind energy and water column depth. Deep and 
sheltered lakes are prone to more stable stratification patterns. The study shows that zooplankton 
respond to this stratification. Some species (Daphnia ambigua) reside in the cooler lower levels 
of the thermocline. Lakes that are not stratified do not possess as strong of a thermocline. The 
non-stratified lakes are also able to cycle nutrients from the bottom to surface waters all summer 
along, increasing productivity which we have shown changes the community.    
Lipid Content as a Quality Indicator 
 Total lipid % of zooplankton was more variable than expected. The total lipid % did not 
associate well with any lake grouping or environmental variable (Figure 2). This suggests that 
use of total lipid from the whole zooplankton community in a lake does not effectively 
distinguish lake types. The high variability could be due to algal food source selection between 




seasonality (Art et al. 1992, Wainman et al. 1993). Since total lipids were measured across the 
community, species specific patterns could not be discerned and this could explain why 
communities with fewer cladocerans seemed to have relatively lower lipid percent.  
 Future studies should focus on a specific type of lipid such as fatty acids (DHA, ARA, or 
EPA) or on one particular zooplankton species found in most lakes (potentially Microcyclops 
rubellus as it was found in most lakes and in relatively high abundance). Specific fatty acids are 
more indicative of the food source for the zooplankton and would better incorporate that algal 
food base than total lipid (Ohman 1997). Phosphorous has been shown to correlate with lipid 
content indirectly through increased lake productivity (Berglund 2001). Therefore it is suggested 
that a greater emphasis be placed on phosphorous data for future studies in addition with the 


















Lake Management Recommendations 
 Fish stocking is commonly used as a tool used by lake managers theoretically to better 
the fishing experience. Many things should be considered prior to stocking a lake so as to ensure 
the integrity of the lake is retained and so as to not waste homeowner’s funds. For example, 
residents wishing to stock their lake with fish should consider if there is a sufficient food base for 
fish being stocked and for their offspring. Some lakes in this study had extremely small 
zooplankton that clearly indicates heavy fish predation. Such lakes should not be further stocked. 
It is recommended fish community data be added to future analyses to better understand the 
relationships to zooplankton community patterns and lake environmental variables.   
 Hedges Lake was the only lake in this study with zebra mussels (Dreissena polymorpha). 
This species filters out the water column at comparatively high rates and as such results in 
clearer waters and benthification (concentration of nutrients towards the bottom of the lake 
where the mussels reside) (Zhu et al. 2006). Due to this Hedges had the greatest visibility of all 
the lakes in the study. Species composition within the lake would be expectedly different and 
probably more similar to the neighboring lake, Lake Lauderdale had these invasives not been 
introduced. Should residents seek to implement a management plan for the reduction or removal 
of zebra mussels they could use zooplankton community analysis as in this study to determine 
the relative success.   
 The most important implication from this project is the maintenance of a sufficient 
riparian buffer for lake ecosystems. Percent forest cover is shown to be a strong driver of the 
zooplankton community structure as such residents should consider a forested buffer for 
shoreline landscaping. Other options could include shrubs or flora that exhibit high nutrient 
retention and erosion control while still being aesthetically pleasing to the homeowner. The 
retention of nutrients terrestrially keeps algal blooms at a low and allows for more lucid waters. 




better utilized further away or again with some form of buffer region (Teels et al. 2006). Having 
trees along the shoreline also aids in keeping lake temperatures cooler which in turn allows for a 
higher dissolved oxygen content and a less stressful environment for those aquatic organisms.  
Lake residents and managers have a variety of goals in mind when it comes to their water 
bodies. Often it is sought to establish healthy, large sport fish, some wish for pristine waters for 
recreation, and still others seek to preserve native species and rich biodiversity. Regardless of 
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Figure 2.  Canonical Correspondence Analysis of the zooplankton species along environmental 
variable gradients (pH, temperature, secchi depth, SDL, stratification, size, max depth, 
conductivity, residential density, percent forested, phosphorous, silica, dissolved oxygen). 











Figure 3. Ordination of lakes based on the zooplankton assemblages found within each body of 
water. Lake labels include lipid percentage. “0’s” account for lakes that were unable to be 











Table 1. Zooplankton species captured across all lakes, including total number of lakes each 







Table 2. Indices of zooplankton assemblage structure calculated from the 50-organism 
subsample including diversity (Shannon Index), evenness (Simpson), dominance (Dom3), 
richness (species), percent copepod species and percent cladoceran species. Lake code is lake 
name and date sampled.  
Lake Diversity Evenness Dominance Richness  % copepod % claodoceran 
BNL-615 1.45 0.61 0.82 7 22 78 
CRL-615 1.55 0.67 0.84 7 32 68 
CYL-613 2.03 0.76 0.6 10 58 42 
GSL-615 2.06 0.71 0.62 11 26 74 
PKP-621 1.92 0.85 0.62 8 48 52 
RDL-706 0.84 0.58 0.98 4 62 38 
SDL-616 1.07 0.73 0.98 4 56 44 
HKP-711 1.18 0.65 0.96 5 48 52 
BBP-621 1.33 0.63 0.88 6 60 40 
BRP-621 0.56 0.44 0.96 4 86 14 
CBP-702 1.18 0.65 0.92 5 58 42 
DNR-620 1.13 0.52 0.94 6 14 86 
DKP-620 1.63 0.64 0.8 8 44 56 
FTL-702 1.13 0.51 0.88 6 80 20 
GVP-702 1.27 0.89 0.92 4 46 54 
TCL-702 0.89 0.49 0.96 5 74 26 
HPL-624 1.35 0.77 0.88 5 24 76 
LGL-625 0.84 0.58 0.98 4 38 62 
MLP-625 0.1 0.55 1 2 98 2 
SNP-625 1.54 0.78 0.82 6 24 76 
HGL-716 1.57 0.6 0.82 8 52 48 
DDL-716 1.87 0.81 0.62 8 24 76 
LLD-716 1.64 0.74 0.74 7 36 64 
VDL-630 1.05 0.71 0.96 4 16 84 

















Alona spp.Bosmina longirostrisCalanoid copepodC. lacustrisC. laticaudataCyclops scutiferD. ambiguaD. catawbaD. laevis D. mendotaeD. parvula D. pulex D. rosea Dia b.o. Dia thomasiD. birgei D. brachyurumE bosmina spp.Har acticoidaHolopedium gibberumLeydigia spp.MacrothricidaeMesocyclops edaxMicrocyclops rubellus
BNL-615 0 0 4 0 0 0 0 15 0 1 0 22 1 0 3 0 0 0 0 0 0 0 0 4
CRL-615 0 0 0 0 0 0 0 1 12 19 0 0 2 0 2 0 0 0 0 0 0 0 3 11
CYL-613 0 1 6 0 0 4 0 2 0 12 0 6 0 3 2 0 0 0 0 0 0 0 2 12
GSL-615 0 4 3 0 0 0 3 2 3 16 0 7 2 0 1 0 0 0 0 0 0 0 1 8
PKP-621 0 0 11 0 0 0 0 10 0 10 0 4 2 5 2 0 0 0 0 0 0 0 0 6
RDL-706 0 0 1 0 0 0 0 0 0 19 0 0 0 0 0 0 0 0 0 0 0 0 1 29
SDL-616 0 0 27 0 0 0 0 9 0 0 0 13 0 0 0 0 0 0 0 0 0 0 0 1
HKP-711 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 24 0 0 9 15
BBP-621 0 3 0 0 0 5 16 0 0 0 0 0 0 0 2 0 0 0 0 1 0 0 0 23
BRP-621 0 3 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 43
CBP-702 0 5 3 0 0 0 1 0 0 0 0 0 15 0 0 0 0 0 0 0 0 0 0 26
DNR-620 0 0 0 0 0 0 1 30 1 0 0 0 11 0 0 0 0 0 0 0 0 0 1 6
DKP-620 0 0 0 0 0 0 13 2 0 0 0 0 1 2 0 0 0 4 0 8 0 0 1 19
FTL-702 0 3 33 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 1 4 0 7
GVP-702 0 12 19 0 0 0 0 0 0 0 0 0 0 0 0 15 0 0 0 0 0 0 0 4
TCL-702 0 0 34 0 0 0 0 12 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 2
HPL-624 5 21 12 0 11 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
LGL-625 0 0 19 0 0 0 0 29 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0
MLP-625 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 49
SNP-625 0 0 2 0 0 0 3 18 0 0 0 0 4 0 0 0 0 0 0 13 0 0 0 10
HGL-716 0 1 4 0 0 0 0 0 0 21 0 0 2 0 1 0 0 0 1 0 0 0 11 9
DDL-716 0 7 6 6 0 0 0 0 0 10 1 0 0 0 0 14 0 0 0 0 0 0 2 4
LLD-716 0 0 9 0 0 0 0 5 0 4 0 21 2 0 0 0 0 0 0 0 0 0 2 7
VDL-630 0 0 0 13 0 0 0 0 0 29 0 0 0 0 2 0 0 0 0 0 0 0 0 6




Table 4. Correlation coefficients for environmental variables from a Pearson Correlation matrix 










Table 5. Monte Carlo test results for species-environment correlations and eigenvalues based on 
998 runs with randomized data. 
 
Axis Real Data Mean Minimum Maximum p 
 Eigenvalue     
1 0.487 0.428 0.305 0.536 0.092 
2 0.395 0.344 0.231 0.456  
3 0.303 0.273 0.195 0.409  
 Spp-Envt corr.     
1 0.967 0.916 0.809 0.980 0.023 
2 0.928 0.878 0.740 0.965  
3 0.800 0.862 0.696 0.974  
 
